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CObjective: This study evaluated the direct and interactive effects of
regional-level and individual-level characteristics on methadone
maintenance treatment (MMT), after considering the individual char-
acteristics in Taiwan. Methods: This study utilized a survey research
method. Opioid-dependent patientswho participated in the outpatient
MMT program in 2009 and met the eligibility criteria were recruited
from five hospitals. The impact of MMT on self-perceived health was
assessed by using questionnaires. This study assessed the participants’
quality of life and treatment outcomes during 3-month follow-up vis-
its, before evaluating the direct effects of regional and individual char-
acteristics. Multilevel linear models were used to estimate whether
regional levels influenced individual behavior and treatment
outcomes. Results: Three hundred thirty-four opioid-dependent pa-
ients agreed to participate in this study. After the follow-up period, 127
articipants completed the study (completion rate 38%). Participants O
e no
lic He
637,
al So
doi:10.1016/j.jval.2011.11.010eceiving MMT demonstrated significant improvements in psycholog-
cal state, HIV risk-taking behavior, social functioning, and health. Re-
ional characteristics, such as the lower than junior high school rate,
ow-income family rate, and related crime rates, of the study regions
ere negatively associatedwith improvements in drug abuse behavior.
onclusions: This study shows that MMT can significantly improve
he HIV risk-taking behavior and health of the study participants. Dis-
dvantaged regions, however, exhibit poor treatment outcomes. This
tudy suggests actions to minimize the treatment variations between
egions.
eywords: methadone maintenance treatment, multilevel analysis,
eighborhood disadvantage, treatment outcome.
opyright © 2012, International Society for Pharmacoeconomics and
utcomes Research (ISPOR). Published by Elsevier Inc.Introduction
Heroin use is one of the most damaging and serious social prob-
lems [1], and it is associated with increased violence and crim-
inal activities. The greatest concern, however, is blood-borne
viral infections transmitted through sharing contaminated in-
jecting equipment [2,3]. Methadone maintenance treatment
MMT) is used worldwide to reduce heroin use effectively and
afely. Numerous studies have shown that MMT can improve ad-
icts’ behavior and treatment outcome [4]. Most studies, however,
nly evaluated and compared drug treatment programs [5,6] with-
out investigating using multilevel analysis how geographically
varied treatment influences individual behavior and treatment
outcomes.
Numerous studies have shown that social environment af-
fects health outcomes [7]. Neighborhood contextual effects refer to
local environmental influences on individual health. Robert [8]
delineated the relationship between neighborhood socioeco-
nomic status and health as follows. First, neighborhood effects
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Published by Elsevier Inc.may influence an individual’s socioeconomic status, such as
education, work, and income. Second, neighborhood effects
may influence the shared environment, causing different
health outcomes. Pickett and Pearl [7] reviewed 25 studies con-
sidering individual socioeconomic status and concluded that
neighborhood-level characteristics have an independent effect
on individual-level health outcomes. Several studies have de-
termined that social environmental factors affect mental health
and drug use [9–12], and a few have established a relationship
between neighborhood poverty and heroin use [11,13,14]. Al-
though limited research considered the neighborhood effects
on treatment and intervention outcomes [15,16], no studies
have examined the influence of the treatment region on indi-
vidual behaviors and MMT outcomes.
The Department of Health in Taiwan implemented MMT, and
since 2006 has subsidized patients on MMT. As a result, the AIDS
contraction rate among addicts fell from 62% in 2006 to 11% in
2009. Despite a government report in 2010 announcing a decline
in heroin-addicted AIDS patients [17], only one study has dem-
onstrated the effectiveness of MMT in Taiwan [18]. Whether
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gion is unknown. Therefore, this study evaluated the direct and
interactive effects of regional and individual characteristics on
MMT, after considering individual characteristics in Taiwan.
Methods
Study sample
This study utilized a survey research method. Opioid-dependent
patients who used MMT were selected from five hospitals in Tai-
wan for this study. Five hospitals with the largest patient popula-
tions in northern, central, and southern Taiwan were selected,
and institutional review board approval to disseminate the ques-
tionnaire was obtained. Opioid-dependent patients who enrolled
for the first time in outpatient methadonemaintenance programs
between June 1, 2009, and September 15, 2009, who met the eligi-
bility criteria, were recruited into the study. On signing the in-
formed consent form, participants were interviewed by caseman-
agers to assess the impact of MMT on self-perceived health. Case
managers from each hospital attended a half-day training course
to ensure interrater reliability.
The inclusion criteria for selecting participants were as fol-
lows: 1) must currently be an opioid-dependent patient; 2) aged 18
to 65 years; 3) deemed by a doctor to have sufficient mental com-
petence to provide informed consent; 4) physically capable of par-
ticipating in research assessments; 5) have signed the informed
consent form; (6) reside near a medical treatment site; and 7) be
willing to undergo a follow-up assessment after 3 months. The
exclusion criteria eliminated subjects who 1) were diagnosed with
severe cognitive impairment or mental retardation; 2) had serious
behavioral disturbances or psychiatric symptoms; 3) were unable
to attend treatment during the study period; 4) were currently
receiving other opiate dependence treatment; and 5) were preg-
nant or had recently given birth [19].
Measures
This study used two validated questionnaires. Taiwan’s 28-item
version of the World Health Organization Quality of Life - Brief
version (WHOQOL-BREF) questionnaire was used to assess the
quality of life (QOL) at baseline and at follow-up 3 months later.
This questionnaire uses a multiattribute scale to measure four
main categories: physical health, psychological state, social and
personal relationships, and environment [20]. The WHOQOL-
BREF-TW comprises 28 items; of these, one itemmeasures each of
the 24 facets, 2 itemsmeasure area-specific questions, and 2 items
measure the overall QOL and health. After reverse-coding positive
items, scores for each of the four domainswere calculated bymul-
tiplying the average sum of all items in the scale. The item scores
were rated by using a five-point scale, with a higher score indicat-
ing a better QOL. Each domain score ranged from 4 to 20 points. In
addition, the questionnaire included two self-assessment ques-
tions of overall satisfaction. The scores ranged from 0 to 100, with
higher scores indicating higher satisfaction among participants.
Heroinuse and self-perceivedhealthweremeasuredbyusing the
opiate treatment index (OTI). The OTI scale was used to assess the
results of drug treatment. The assessment comprised six indepen-
dent outcomes: drug use, HIV risk-taking behavior, social function-
ing, criminality, health status, and psychological adjustment [21–24].
he drug use assessment asked participants when their three most
ecent days of drug use occurred and the drug quantify used on the
ast twooccasions. These variableswereused to calculate anaverage
mount per day (Q), with the higher the value the greater the intake.
he equation to calculate Qwas as follows:Q
q1 q2
t1 t2
where
Q is the average amount per day,
q1 is the amount consumed during the last occasion of use,
q2 is the amount consumed during the second last occasion of
use,
t1 is the interval between the last day of drug use and the next
o last day of use, and
t2 is the interval between the second and third last days of drug
se.
he HIV risk-taking behavior section measures whether partici-
ants risk HIV and other blood-borne viruses through their inject-
ng behavior, including needle use and sexual behavior. The social
unctioning section contains questions on aspects of social inte-
ration, such as employment, residential stability, and interper-
onal conflicts. The criminality sectionmeasures self-reported re-
ent criminal activity. The health status section comprises a
ymptom checklist to assess the participants’ health. The psycho-
ogical adjustment section assesses participants’ current psycho-
ogical state. These domains are the cumulative scores of poor
ondition. The total scores were calculated by summing up scores
or all the items in each domain. Higher scores indicated that par-
icipantsweremore severely disabled. The values of content validity
f the Chinese version of OTI were as follows: suitability 4.66, clarity
.98, andusability 3.80.Themorphineagreement ratewas86.1%,and
he amphetamine urine agreement ratewas 80.18%. The Cronbach’s
lpha of reliability ranged between 0.587 and 0.972 [25].
Variables
Dependent variable OTI scores were calculated by subtracting the
posttest OTI scores from the pretest OTI scores. Greater difference
indicatedmore favorable improvement. The individual-level vari-
ables included age, marriage, QOL scores (WHOQOL), satisfaction
with overall QOL (WHOQOL), satisfaction with overall health
(WHOQOL), HIV risk-taking behavior (OTI), social functioning
(OTI), health status (OTI), and psychological adjustment (OTI). Age
was represented by two dummy variables: less than 30 years old
and more than 40 years old. Participants aged between 31 and 40
years comprised one reference group. Marital status was repre-
sented by two dummy variables: 1) married and 2) divorced or
widowed. Unmarried participants formed another reference
group. The QOL score was calculated by summing up the scores
for the four domains of WHOQOL. The four OTI scores were the
sum of the scores for each domain. Regional-level data were
constructed by using variables from the 2008 Taiwan Census.
The variables included in the data set were as follows: percent-
age of people with a lower than junior high school level educa-
tion, percentage of low-income families, and related crime
rates. These variables were selected on the basis of previous
theoretical and empirical research. All variables were initially
constructed as percentages.
Statistical analysis
This study used multiple regression and multilevel linear regres-
sion models to analyze the data. SAS (SAS System for Windows,
Version 9.2, [SAS Institute Inc., Cary, NC], and HLM, Version 6.02
[Scientific Software International, Inc., Lincolinwood IL]) statisti-
cal packages were used to conduct analysis. Chi-square tests and
independent t tests were conducted to examine the bivariate as-
sociation between all outcome predictors (individual and regional)
and the improved OTI score from the previous 3 months. This
process helped determine how indicators were entered into the
model. The variables entered into multiple regression models
were based on significant bivariate relationships.
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null model to determine whether regional clustering exists. The
intraclass correlation coefficient was calculated as VB/(VB 432.5),
where VB was the variance between groups. In logit models, the
intraclass correlation coefficient was 0.212—116.635/(116.635 
432.5)—indicating that 21.2% of the total individual-level variance
was caused by regional variations, suggesting that a multilevel
approach was appropriate for the data.
This study examined the individual-level variables to fit the
models (model 1). The models included both regional-level and
individual-level variables according to whether regional-level ef-
fects were explained by individual characteristics (model 2). Fi-
nally, interactions between individual-level and separate regional-
level characteristics were added to the models to test whether the
regional-level characteristic effects on treatment outcomes were
modified by individual-level characteristics (model 2).
Results
This study recruited 334 opioid-dependent patients as the re-
search subjects. During the follow-up period, 38% of participants
completed the study (n  127). The mean age of the study partic-
pants was 35 years. Table 1 presents the participant distribution.
Table 1 – Characteristics of participants and regions
(n = 127).
Characteristic n %
Participant characteristics
Gender
Male 104 81.9
Female 23 18.1
Age (y)
21–30 38 30.0
31–40 59 46.0
41–50 24 19.0
51–60 6 5.0
Marital status
Single 69 54.3
Married 28 22.0
Widowed/divorced and others 30 23.7
Education
High school 72 57.0
High school 55 43.0
Monthly income
0 40 31.5
NT$1–30,000 48 37.8
NT$30,001–50,000 25 19.7
NT$50,001 14 11.0
Employment
Unemployed 47 37.0
Employed 80 63.0
Hospital
1 39 30.7
2 10 7.9
3 19 15.0
4 30 23.6
5 29 22.8
Smoking
Yes 124 97.6
No 3 2.4
Regional characteristics (mean  SD)
% lower than junior high school 35.02 8.20
% low-income family 1.14 (0.47)
% related crimes 64.83 1.83he majority of participants were male (81.9%), smoked (97.6%) nandwere between 21 and 40 years old (76%). Most participants had
only a limited education. Approximately 57% had completed junior
high school, the highest level of compulsory education in Taiwan,
and approximately 69.3% had a monthly income lower than
NT$30,000. The participants’ regional attributes and descriptive sta-
tistics for the represented five regions, including lower than junior
high school rates, low-income family rates, and related crime rates,
are listed at the bottom of Table 1.
To investigate the influence of regional differences on MMT
outcomes, all outcome predictors, including individual and re-
gional characteristics and OTI and QOL scores before MMT, were
examined. The significant bivariate analysis variables were input-
ted into the regression model (data not shown). Table 2 presents
he multiple regressions and stepwise multiple regressions of in-
ividual- and regional-level variables using the improved OTI
core. The obtained R2 is as large as 0.59, suggesting that the rela-
ionship between the initial OTI domain score and the improved
TI score was exceptionally strong. HIV risk-taking behavior (OTI)
P 0.0001), social functioning (OTI) (P 0.0128), and health status
OTI) (P  0.0002) were extremely positively related to OTI scores.
owever, the VIF of the QOL (WHOQOL) variable was an extremely
igh 39.9. Therefore, stepwise multiple regression was used for
urther analysis, revealing five variables significantly related to
TI scores— health (b  6.7; P  0.0248), psychological status
WHOQOL) (b  1.7; P  0.0087), HIV risk-taking behavior (OTI)
b  2.0; P  0.0001), social functioning (OTI) (b  0.5; P  0.0174),
and health status (OTI) (b  1.4; P  0.0001).
Table 3 presents the results of multilevel analysis of the corre-
lation between regional and individual factors with improved OTI.
Before employing model 1, the null model indicated that 21.2% of
the total individual-level variance was caused by regional varia-
tions. Model 1 was a random coefficient model, in which the OTI
improvement score varied between regions. Among the composi-
tional variables, beingmarriedwas negatively associatedwith OTI
improvement while a higher HIV risk-taking behavior (OTI) score
as well as a higher health status (OTI) score showed a positive
association with OTI improvement. Models 2a to 2c were outcome
intercept models. Model 2 showed that the lower than junior high
school rate (b  0.5; P  0.01), low-income family rate (b  7.4;
P  0.01), and related crime rate (b  1.7; P  0.05) in regional
evels were negative and significant. The three rates with higher
cores were less likely to improve in OTI score. After adding re-
ional variables at level 2, the individual variables showed the
ame results. The coefficients of the compositional variables re-
ained stable. However, this study observed no significant differ-
nces between the interactive effects of regional-level character-
stics and individual-level characteristics on MMT. Therefore, this
rticle does consider the outcome in slope, an outcome model.
Discussion
This study evaluatedMMT-treated heroin addiction and the treat-
ment region’s influence on individual behaviors and treatment
outcomes. The results of this study show that higher HIV risk-
taking behavior and poor health status before MMT increased OTI
improvement scores. This result is consistent with previous stud-
ies [2,3,19] that claim that MMT reduces the frequency of injecting
nd needle sharing and improves individual health. Furthermore,
he findings determined that the higher rates of the lower than
unior high school education, low-income, anddrug related crimes
t the regional level decreased OTI improvement scores. In other
ords, the participants in these disadvantaged areas exhibited
oor treatment outcomes. Most related studies investigating the
elationship between neighborhood disadvantage and drug use
ave determined a significant correlation [11,13,14,26]. For exam-
le, a multilevel analysis conducted among 1305 adults from 249
eighborhoods showed that neighborhood poverty was signifi-
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Nandi et al. [26] showed a strong association between neighbor-
hood poverty and injection drug use cessation. In addition, Saxe et
al. [14] indicated that visible drug sales in poor neighborhoods
resented a more serious problem than drug use.
Few studies have identified neighborhood environment as a
actor associatedwith treatment outcomes [15,16,27]. The findings
n this study are consistent with a study by Jacobson [27], who
Table 2 – The multiple regression and stepwise-forward m
with the improving OTI score (n = 127).
Variable Multip
Parameter
estimate
S
Intercept 10.5 1
Employment 3.6
Happy 5.7
Are you healthy now? (Bad  0)
Good 2.2
Not bad 6.7
Hospital 0.1
Quality of life (WHOQOL) 0.7
Psychological (WHOQOL) 2.2
Physical health (WHOQOL) 0.9
Social and personal relationships (WHOQOL) 1.4
HIV risk-taking behavior (OTI) 1.9
Social functioning (OTI) 0.6
Health status (OTI) 1.3
Psychological adjustment (OTI) 0.4
R2 0.59
Adjusted R2 0.55
F value 12.7
Pr  F <0.0001
Bold indicates the significance that p value 0.05.
OTI, opiate treatment index; SE, standard error; VIF, variance inflatio
Table 3 – Coefficients of final multilevel model of neighbor
Fixed effects M
Intercept (0)
Regional level
Lower than junior high school rate
Low-income family rate
Related crimes rate
Individual level
Age 20–30/age 31–40 
Age 40/age 31–40 
Married/single 
Widowed/divorced and others/single 
Quality of life (WHOQOL)
Satisfaction with the overall quality of life (WHOQOL) 
Satisfaction with overall health (WHOQOL)
HIV risk-taking behavior (OTI)
Social functioning (OTI)
Health status (OTI)
Psychological adjustment (OTI)
2 Log likelihood 10
OTI, opiate treatment index; WHOQOL, The World Health Organizati
* p0.05.
** p0.01.*** p0.001.etermined that the location of drug treatment facilities might
ncrease client exposure to potential environmental relapse trig-
ers, including neighborhood disadvantage, violence, and drug ac-
ivity. In addition, this study is partly consistent with that of
tahler et al. [16] that determined that participants living in areas
of higher education had a reduced likelihood of readmission. Ja-
cobson et al. [15] focused on the racial disparities in the relation-
hip between alcohol treatment programs and neighborhood dis-
le regression for individual- and regional-level variables
ression Stepwise regression
P value VIF Parameter
estimate
SE P value VIF
0.4616 0.0 2.2 8.8 0.8062 0.0
0.2829 1.4
0.1384 2.0 5.1 3.5 0.1489 1.7
0.3375 1.8
0.0296 1.1 6.7 2.9 0.0248 1.1
0.8835 1.2
0.4482 39.9
0.0978 7.2 1.7 0.6 0.0087 1.8
0.5707 9.1
0.3933 9.2
<0.0001 1.1 2.0 0.3 <.0001 1.1
0.0128 1.5 0.5 0.2 0.0174 1.2
0.0002 1.7 1.4 0.3 <.0001 1.3
0.1607 2.5
0.58
0.55
27.09
<0.0001
tor; WHOQOL, The World Health Organization Quality of Life.
and individual correlated of OTI improvement (n = 127).
l 1 Model 2a Model 2b Model 2c
0*** 15.699*** 15.583*** 14.699***
0.483**
7.420**
1.657*
3 3.484 3.569 2.903
8 4.549 7.513* 5.006
0** 7.488* 5.704 8.243*
5 0.627 2.425 1.551
5 0.464 0.530 0.460
1 0.117 0.013 0.113
1 0.130 0.087 0.124
9*** 1.918*** 2.226*** 1.819**
5 0.662 0.766 0.756
4* 1.573* 1.482** 1.616*
8 0.474 0.590 0.399
5 1012.356 1005.319 1012.880
ality of Life.ultip
le reg
E
4.3
3.3
3.8
2.3
3.0
0.9
0.9
1.3
1.6
1.6
0.3
0.3
0.3
0.3hood
ode
16.19
3.16
4.36
8.57
1.90
0.27
0.08
0.11
1.80
0.75
1.39
0.31
08.59
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S64 V A L U E I N H E A L T H 1 5 ( 2 0 1 2 ) S 6 0 – S 6 4advantage. Jacobson [27] and Stahler et al. [16] both used bivariate
analysis or traditional regression to handle confusion-induced
bias of neighborhood-level effect caused by neglecting the individ-
ual-level characteristics.
Furthermore, the mechanisms underlying the decreased OTI
improvement score of disadvantaged regions remain unclear. The
most common predisposing factor for quitting drug addiction is
individual interaction with drug-using subcultures [28,29]. De-
creasing exposure to drug-using subcultures and increasing con-
tact with positive reference groups may increase individuals’ ca-
pacity to overcome addiction. Therefore, the treatment region
may distinctly influence the treatment outcomes.
This study was the first to examine an Asian population for an
association between neighborhood characteristics and MMT out-
comes, using both multiple regression models and multilevel
models. Another advantage of this study is that it used a generic
scale, WHOQOL-BREF-TW, and a behavior-specific scale, OTI.
Thus, results of this study can be compared with those of other
studies and specific treatment outcomes. The major difference
between these two scales are that WHOQOL-BREF-TW is a widely
used generic questionnaire that can evaluate QOL regardless of
diseases while OTI focuses on the treatment outcomes of opiate
users in all the specified outcome domains. However, this study
encountered three limitations. First, the study utilized patient
self-administered questionnaires; therefore, for sensitive issues,
such as crime or sexual behavior causing infectious diseases, pa-
tientsmay have provided evasive answers. Therefore, it is difficult
to estimate the behavioral change during this study. Second, the
self-administered questionnaire facilitates recall bias, although
this study shortened the period given to complete the question-
naire. Finally, the sample size was relatively small because the
charges for MMT varied between hospitals. Therefore, for the first
visit, patients could travel a longer distance to the hospital charg-
ing the least and then be self-referred back to a hospital closer to
their home. In addition, several patients took breaks from or ter-
minated treatment. The reasons listed above prevented us from
receiving all of the posttest questionnaires. Similarly, we could not
receive the pretest questionnaires from transferred patients.
Conclusions
This study showed that MMT could significantly improve the HIV
risk-taking behavior and health status of addicts. In addition,
MMT could reduce crime in the community. Because disadvan-
taged regions seem to have poorer treatment outcomes, neighbor-
hood environmentmay be a crucial determinant of treatment out-
come. Therefore, the health-care system should take actions to
minimize the regional variations in treatment and hospitals in
disadvantaged regions should strengthen the public health edu-
cation to improve treatment outcome of MMT. Future research
could try to link the criminal database with obtained criminal re-
cords; they could also expand study sites and sample size to obtain
a better generalizability.
Source of financial support: These finding are the result ofwork
supported by Centers for Disease Control in Taiwan (grant number
DOH98-NNB-1057).
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